Abstract: According to a 2006 Bureau of Labor Statistics (BLS) report, approximately 90% of construction companies employ 20 or fewer workers; of these, 30% specialize in residential construction. Contractors with 10 or fewer employees are exempt from OSHA reporting requirements, unless a fatality occurs or an injury/illness leads to lost workdays for three or more employees (29 CFR 1904.1, Subpart B). This qualitative case study was conducted to understand characteristics and work patterns to develop a clearer understanding of the natural context of work, especially given the underreporting of safety information by small construction companies. A prospective study was conducted in which construction workers logged critical incidents for four weeks. Definitions and examples of critical incidents were given to workers, along with a data logging notebook with structured questions. Workers could report the events immediately upon occurrence or after the workday ended. A total of 102 critical incidents were reported. Content (axial coding) and cluster analyses were used to analyze the logs and to extract important descriptors and patterns. Results were used to characterize injury types, antecedents, time-of-day, and family-work involvement. Descriptions regarding the training-, resource-, and planning-related practices of small construction workers focused on the unique challenges that impose barriers and constraints on safety climate.
INTRODUCTION
Small contractors present a significant challenge to occupational health and safety. Due to their size, limited resources, and unique stressors related to work-family conflict and transient workers, this portion of the construction industry is difficult to monitor and, at times, exempt from certain Occupational Safety and Health Administration (OSHA) regulations. In the USA, 90% of all construction companies employed fewer than 20 workers. Of those, 65% employed 5 or fewer workers [1] . OSHA requires companies with fewer than 11 workers to participate in reporting or monitoring of injuries only if there is a fatality, or if a single accident leads to injury of three or more workers plus lost workdays (29 CFR 1904 .1, Subpart B). Thus, these companies operate below the awareness of most of the spectrum of safety and health regulators and researchers. Research substantiates the association between company size and safety performance [2] . Small construction companies had more safety problems compared to larger construction companies, while management and employee commitments also trended lower compared to larger construction companies.
to ensure contract obligations are more compatible with their resource constraints and capabilities (i.e., scheduling). Garber [6] describes the shifting of liability and risk to small contractors and subcontractors as the "construction food chain", which refers to the transfer of risk from larger contractors to smaller contractors and to subcontractors. Similar to the common system development cycle problems, early planning, conceptual design, and development work that does not conform well to safety and health objectives make it difficult for downstream developers (such as the product designers and evaluators) to make the final product safe and usable.
As an example, 47 subcontractors were surveyed to determine risks associated with the role of subcontracting [7] . Three work groups were sampled; mechanical (e.g., ventilation, fire protection), licensed (e.g., plumbing, electrical), and ordinary (e.g., semi-skilled or unskilled trades). Several factors were identified that subcontractors associated with increased risk of injuries. For example, subcontractors reported that contracts contain requirements and conditions that are unfavorable in terms of time extensions and payment. About 66% of the subcontractors perceived subcontract conditions to be unfair, and the smaller the subcontractor the stronger the perception that contract terms and conditions interfered with safety. Work design to adapt to these constraints places workers at a higher risk of injuries or fatalities.
Mayhew and Quinlan [8] also found a similar perception in Australia and the United Kingdom. After conducting longitudinal surveys over a 5-year period, researchers found a strong link between self-employed builders and chronic injury. This study also identified a pattern of transfer of both financial and health and safety risks from larger contractors and subcontractors to smaller subcontractors. Four key factors were identified that explain the relationship between health and safety risks and outsourcing. These were: (1) Economic/reward pressure; (2) Disorganization; (3) Diminished regulation; and (4) Inability of outsourced labor to organize.
Unlike larger contractors, small contractors do not have many resources to mitigate the hazards they encounter in construction. They face additional stressors not found in the larger construction entities. These additional stressors include organizational design, challenges to participation in business development, and work family conflict. Small contractors do not establish formalized operations, typically. Logically, their small size may not always require a formalized work system to support role assignments and communication chains. So, small contractors function without formal policies and procedures, although some values and climate factors may be implicit. There are often unspoken expectations for workers' behaviors and practices. Unfortunately, the expectations are self-developed, and are often not learned from best practices gained through business development and networking. Small contractors are less likely to collaborate with similar contractors, and are reluctant to share best practices or other helpful information [9] . Moreover, these businesses resist participating in strategic business networks unless there is a direct positive benefit to the bottom line [10] . Although some family-owned firms enjoy the benefits of family ties in the workplace, these firms tend to be overcome by work and family conflict [11, 12] , which increases the risks of hazard exposure.
Nonetheless, construction businesses are the most favorable to self-employment ventures [1] when compared to other industry types, including agriculture and service industries. Benefits include higher job satisfaction compared to medium and large contractors [13] , and workers have a more positive view of the supportiveness of supervisors compared to larger contractors, and perceive their work environments are flexible, innovative, and family-oriented [14] [15] [16] .
Safety Culture
Safety culture and safety climate are difficult to assess in small organizations. The lack of knowledge about safety culture in relatively informal work systems is a major impediment to the development of prevention and control measures that target this population of workers who are over-represented in the injury and fatality data. Safety culture affects workers' attitudes and behaviors [17] . A holistic view of the organization is essential to implementing effective prevention and control measures. Without an understanding of safety culture, it is difficult to determine which prevention and control measures are absent or ineffective, and which areas of performance require more attention (i.e., training). In contrast, safety climate of informal work systems may be easier to assess. In a comprehensive literature review by Wiegmann, Zhang, von Thaden, Sharma, and Mitchell [18] , safety climate was often described as a surface feature of the more abstract safety culture. The consensus view describes safety climate as "a temporal phenomenon, a snap shot of safety culture that is relatively unstable and subject to change (p. 8)." These snap shots may take the form of critical incidents, which reflect temporary states that, as a whole, may be used to draw inferences about safety culture. One goal of this study was to identify critical incidents elicited by the safety climate and decompose them into specific attributes that may, in the long term, serve as a surface-level description of safety culture in small, informal construction work systems. While workers from different businesses participated in the study, it was our goal to examine safety climate at the individual level and not at the group level. Critical incidents serve as a mechanism to identify in situ events that provide a snap shot of the organization.
Relevance of the Critical Incident Technique
The Critical Incident Technique (CIT) is a useful method to acquire experienced-based information about environments such as construction work systems. The CIT was first developed by Flanagan [19] for use in aviation and combat leadership. Flanagan defined the method broadly as a "set of procedures for collecting direct observations of human behavior in such a way as to facilitate their potential usefulness in solving practical problems…. (p.1)." The method supports real-time observation of events and the use of descriptions of the events to develop an understanding of system-critical features that require further attention in terms of design or evaluation. Participants simply tell a story or describe an event. Critical incident data provide a number of opportunities to gain a comprehensive understanding of the context of a work system and the worker's experience.
Up to this point, the extant literature shows no empirical research on the application of the CIT to understand construction work systems, with the exception of De Saram, Ahmed, and Anson [20] . De Saram et al. used the CIT to assess the quality of project managers' coordination of construction projects. The primary goal was to determine whether the CIT was a useful method to measure construction coordination quality. Participants were interviewed and scenarios were used to elicit CI reports. Thirty-six CIs were collected from 21 project managers. These incidents were then categorized into a meaningful hierarchical taxonomy. The results were then interpreted and researchers were able to identify directly observable (explicit) factors related to quality, and were able to draw inferences to identify implicit factors. De Saram et al. highlighted the advantages and relevance of the CIT in construction work systems. These advantages included support for the identification of input, process, and outcome concepts; ease of application to multiple stakeholders; extraction of constructs that reflect the informal and intangible aspects of work systems; and generation of results that can be used immediately to improve the system.
Purpose of the Study
This study used a prospective case study approach to acquire self-reported critical incidents from workers in small construction companies. The prospective approach was selected to minimize confounds associated with memory and recall. The primary purpose was to explore the small construction work context based on the self-reported critical incidents of workers. Two main objectives were pursued:
1.
To understand the types of CIs occurring in small construction subcontracting.
2.
To describe patterns of CIs emerging from characteristics of the work context (e.g. time of day).
A qualitative approach was used, because the purpose of the study was to illuminate and describe what is happening in the natural construction work environment and not to test pre-set hypotheses. In qualitative studies, the goal is to explore complex psychosocial phenomena such as behaviors and attitudes in the natural context rather than isolating and reducing phenomena to smaller, measurable elements [21] .
METHOD

Participants
Although the initial sample consisted of 16 participants, two cases were dropped due to missing data. The two participants with missing data were unable to complete the study because they resigned from their companies and relocated. Since we used follow-up phone calls to corroborate the reports, this step could not be done because the two participants could not be reached. Thus, a total of 14 workers from 8 different companies comprised the sample; 2 females and 12males. The construction occupations and trades represented were supervisor/foreman, carpentry, roofing, flooring, transportation, and 'general', which described workers who did not specialize in a particular job. The median age was 36 (range = 19 years to 51 years). Company sizes ranged from 5 to 20 employees, with a median of 5 employees. The median number of years with the current company was 6.
Questionnaires
Demographics and Safety Climate
A short demographic questionnaire was administered to each participant to elicit information about age, trade, and company size. The questionnaire contained three additional items to assess safety climate. As stated, our goal was to minimize participants' time to complete initial questionnaires and CI logs due to the time constraints and other pressures characteristic of small construction companies. Two constructs were selected and scaled using a 1 -10 ratingjob satisfaction and perceived vulnerability. Job satisfaction was assessed using the question "How satisfied are you in your current job?" Perceived vulnerability was assessed using the question "How much control do you feel you have over what happens to your safety on the job?" [see 18, 22, 23] . A third item elicited the number of accidents the worker had experienced while working in construction.
Critical Incident Reporting
A critical incident log was developed and provided to participants in a notebook. Critical incidents were defined as: "…any event that is believed to be a significant indication of a system problem, in your case, a safety or health related problem."We further defined a CI a second time using less technical language as:
"…any event, minor or major, where there is a potential risk of injury. A slip, minor cut, loss of balance, fall, or anything that can lead to one of these events can all be considered as critical incidents."
The log design was based on Flanagan's requirements for valid collection of CI data. For example, according to Flanagan, a scenario or definition should be provided during the familiarization session before participants begin logging data. In addition, questions should only elicit the situations observed and the effects of the situations on the constructs of interest (i.e., safety). The questionnaire should encourage the participants to record the events as soon as possible, and participants should be given instructions on how to enhance the accuracy of recall if the CI could not be recorded immediately. The logs also included a list of structured questions to answer when a critical incident occurred. The order of the questions supported a cued recall structure that elicited information in a deductive process (from general to specific). A second level of structure was imposed that included an extended clarification of each question. This second level was used to facilitate consistency in interpretation across workers, while preventing bias among the workers by overclarifying. Table 1 contains the questions, the second-level clarifiers, and the expected variable outcomes for each.
Procedure
The study design was naturalistic and used the self-report method to acquire CIs occurring in the work context (construction work sites). Participants were recruited using contacts in the Center for Innovation in Construction Safety and Health Research (CICSHR) as well as advertisements and word of mouth. Purposeful sampling with minimum variation [24] was used to select participants, using the following criteria to select a relatively homogeneous sample in terms of business size and stability.
1.
Worked in a family-owned construction business with at least 5 and no more than 20 employees.
2.
At least 18 years of age.
3.
Reachable using a residential phone number.
4.
Able to read and write (self-selection will occur, since the advertisements will highlight the requirement of keeping a log).
5.
Had at least 1 year of work experience with a familyowned construction business.
6. Located in either Virginia or North Carolina.
7.
Business must have operated continuously for a minimum of 5 years.
8.
Had to be related to the owner/manager or supervisor in a small construction business (or the actual owner/manager may be a participant, but must be related to at least one other employee). This criterion was an attempt to ensure the sample represented the real-world attributes of small construction companies.
9.
Willing to attend a training session held in a location of the worker's choosing.
10.
Willing to participate in the study for one full month.
11.
Able to commit to maintaining confidentiality of the study for the full length of the logging session (28-30 days).
Once workers contacted our researchers, an appointment was arranged to discuss the details of the project, and discuss the meaning of a CI. Informed consent was acquired verbally over the phone, followed by a written document sent through the U.S. postal service. The demographic questionnaire was also completed at that time.
Four logs were given to each worker, and a participant number was recorded on each log. The logs were mailed in a return, self-addressed stamped envelope provided to each worker. Logs were mailed at the end of each 7-8 day period. The mailing schedules were different for each worker based upon their beginning date. The reporting logs were designed to hold up to 70 critical incidents.
Once the informed consent document was signed and returned, the notebook was mailed to the worker followed by a phone call to verify receipt. Although one of the inclusion criteria was a willingness to meet at a convenient location, workers were given the option to complete their familiarization session over the phone for their own convenience. Some of the factors that led to the elimination of this criterion included workers' difficulties with scheduling due to long work hours, having two jobs, and family demands. Additional instructions were given over the phone, namely a review of the definition and suggested methods to report the incidents. Workers were asked to report each critical incident in a discrete manner and were encouraged to record the incident as soon as possible after the occurrence. Follow-up calls were made to each worker during the reporting period to remind them to log data and to ensure they returned the notebooks at the end of the reporting period. Workers reported critical incidents for four weeks, and were compensated $150 upon completion of the four-week study.
Data Analysis
Phone calls were used to corroborate all reports provided by each participant [21, 25] . Two methods were used to analyze the data and were aligned with the aforementioned objectives. Content analysis was used to extract characteristics of critical incidents. Cluster analysis was used to identify emergent patterns based upon worker characteristics, the work context, and types of CIs.
CI logs were typed into a text document as they were submitted. Logs were then content-analyzed by using the axial coding method. Preset codes were derived from the structured questions. For example, codes such as time of day and location of incident were recorded by frequency of occurrence, which could then serve as a weighting factor in subsequent analyses. Two independent coders with experience in content analysis methods analyzed the CI log content. Coders were given the definitions of the preset codes. When the training session was completed, the coders analyzed the logs independently. When this step was completed, coders met to compare the codes and reach a consensus on conflicting interpretations. Exact agreement was not difficult to achieve because the incident log was designed to elicit responses in a structured way. For example, codes such as time of day, type of task, or location where the incident happened were clearly articulated by participants. The main areas of disagreement related to incidents that could not be categorized easily. Those incidents were resolved by placing them in the category of "other".
Cluster analysis is an appropriate method to identify patterns or profiles in exploratory data, especially when data mining is needed for data sets that vary by data types and numbers of observations for each element. The method is ideal for data types that include nominal/categorical data. In addition to its validity in identifying patterns within recorded data, the sample sizes used in cluster analysis do not need to conform to the assumptions associated with the Central Limit Theorem; thus there is no rule of thumb for sample size. SAS TM 9.2 was used to identify patterns within different attributes of the CIs using Proc Cluster. Cluster analysis is useful in identifying observations that form a pattern based on a matrix formed from the raw data set. Themes using content analysis were developed by an independent coder who assigned themes and frequencies to the CI variables, specifically the injury types, results of the CI, tasks performed relevant to the CI, and prevention recommendations. These variables served as the raw data to calculate the distance matrix. Although there is no established rule of thumb for sample size when using cluster analysis, we chose to be cautious in the choice of algorithms for this data set because of the small sample size. For these reasons, a monothetic hierarchical clustering method was used based on the single linkage nearest neighbor method, which also required the use of a small number of clusters (K) and the k-means method for the distance calculations. The monothetic method supports clustering based on one attribute in order to assess simple patterns in the data [24] ; thus one variable is considered in individual steps.
RESULTS
Characteristics of CIs
A total of 102 critical incidents were identified and the raw data are summarized here. Forty-seven percent (47%) of the critical incidents resulted in minor injuries. Note that workers did not always complete the entire list of questions when logging each critical incident, and workers responded to some questions with more than one response. In some cases, workers would skip a day as well as give more than one response for some of the questions in the log. For example, some workers attributed several factors as causes of a single accident.
Location of Critical Incidents
Almost all of the CIs occurred on the job site (98; 3 were unreported). One critical incident occurred when a worker was traveling between job sites to deliver materials.
Time of Day
Many critical incidents were reported between 9 and 11 am and 2 and 4 pm (Fig. 1).   Fig. (1) . Critical incidents reported by time of day.
Critical Incident Types
Trips and falls were the most frequently-reported critical incidents, followed by puncture and laceration injuries usually involving the use of tools. The "other" category consisted of exposure to harmful chemicals, electric shocks, and getting snagged on protruding objects (Fig. 2) . Eighty-one different tasks were being performed when the critical incidents occurred. The most common tasks were tool usage (31%), working from heights (27%), and lifting/carrying loads (17%).
Causes of Critical Incidents (Attributions) and Workers' Prevention Recommendations
Workers were asked to identify the causes or contributors (Fig. 3) . The "other" category consisted of medical problems, clutter, outdated or malfunctioning equipment, and improper clothing/jewelry. Prevention recommendations were also elicited (Fig. 4) . The most common suggestions were to wear the proper personal protective equipment (PPE) and attention and awareness of surroundings. Fig. (2) . Critical incidents categorized by type. Fig. (3) . Workers' attributions of the contributors to critical incidents. Fig. (4) . Workers' recommendations for prevention.
Family-Work Conflict
A focus on small construction companies provided the opportunity to examine family-work conflict, since many small companies employ family members and friends or acquaintances. Workers were asked to indicate whether a task-related CI was related to the behavior of a friend or family member who was present at the time the CI occurred. Twenty percent (20%) of the CIs involved family and/or friends.
Safety Climate Construct Correlations
Spearman-rho correlations were conducted on the three safety climate indicators (ratings); perceived vulnerability, number of accidents in the past year, and job satisfaction. Perceived vulnerability (likelihood of injury) was positively correlated with the number of accidents reported in the past year, r s (12) = .60, p< .05. Workers reporting a higher number of past accidents tended to report a higher likelihood that they would be injured on the job. No other significant correlations were identified.
Clusters of CIs
The interpretation of clusters was based on the use of the minimum agglomerative distance, the pseudoFstatistic, and the pseudot 2 . Minimum agglomerative distance algorithms combine individual items into larger categories until all items have been categorized. The pseudoF and pseudot 2 statistics provide a numerical description of the tightness or distinctiveness of the clusters. Our goal was to identify the smallest reliable cluster solution to provide a preliminary description of the data obtained from the CI logs. A smaller agglomerative distance indicates a stronger cluster solution based upon minimal distance between observations. The variable "injury type" was used in the first cluster analysis. The cluster results for injury type are shown in Table 2 . Although an initial eight-cluster solution could be supported, a six-cluster solution was more strongly supported by the combination of the statistics. The minimum agglomerative distance for the six-cluster solution was .13 compared to other minimal distances ranging from .25 to .76. The pseudoF value for the six-cluster solution was 1480 compared to the remaining pseudoF values ranging from 16.2 to 220. The pseudot 2 value was 116 compared to a remaining range of 10.2 to 58.8. Table 2 summarizes the clusters for the sixcluster solution.
Workers also recorded other factors or conditions they believed contributed to the critical incident. These factors were labeled as "antecedents" and entered as a variable in the cluster algorithm. The same method of thematic assignment was applied by the independent coder. Based on the cluster analysis results, a five-cluster solution was retained. The minimum agglomerative distance of .16 (range = .16 to .94), a pseudoF value of 44.00 (range = 8.8 to 248), and a pseudot 2 value of 16.2 (range = 8.8 to 13.6). Although the pseudoF was not the highest value selected, the selection was based upon agreement with the pseudot 2 values and the agglomerative distances for the five-cluster solution. Table 3 summarizes the elements of each cluster and an interpretation based on similarity.
To determine the types of task patterns that were occurring during the reported CIs, we conducted another cluster analysis using "task type" as the variable. The most reliable solution consisted of five clusters, with agglomerative minimal distance of .29 (range = .10 -.78), pseudoF statistic of 104 (range = 54.6 to 563), and pseudot 2 statistic of 26.7 (range = 5 -54.6). In this case, we gave priority to the simplest solution values to make the cluster selection. Table 4 summarizes the elements of each cluster and an interpretation based on similarity. 
DISCUSSION AND CONCLUSIONS
The first objective of this study was to understand the types of CIs that occur within small construction companies. The CI logs provided a rich data set to conduct analyses that provide a level of examination that is not characteristic of studies of small construction companies. Likewise, the incidents collected in this prospective study provide descriptions of the events occurring within the ecology or naturalistic setting of small construction companies. Descriptive data specific to the on-site challenges of small construction companies and patterns that characterize the work environment have not been a focus of empirical research. This study attempted to provide a more detailed snapshot of the small construction work system from the perspective of workers when experiencing CIs, rather than external observers. Trips and falls as well as struck-by and crushed-by injuries were among the highest incident categories, which is consistent with the BLS injury and fatality rankings [1] . This consistency between the critical incidents and national data on fatalities is a preliminary indication of the usefulness of critical incident reporting, since critical incidents can be used as early warning signs of potentially more severe events and consequences.
We were also able to acquire anecdotal reports on workers' perceptions of contributors to CIs. Based on the incidents reported here; lack of PPE was mentioned frequently as a cause of specific incidents. Access to PPE is a common complaint among workers in small companies in both construction and agriculture [e.g., 26, 27] . Thus, targeted interventions that focus on low-cost yet effective PPE and demonstrations of the returns-on-investment in terms of safety and lost work days would be of benefit to small contractors. The prevalence of contributors such as weather conditions, distraction, and time pressure is consistent with several prior studies that characterized the barriers to hazard prevention and control within small construction contractors [9, 15, 28] . Small contractors tend to work under conditions of time pressure and task overload. These task pressures are further extended when the work must continue in spite of weather conditions in an attempt to use a small work system to keep up with contract demands and avoid late penalties.
A second objective of the study was to explore behavioral patterns of small construction companies that can be used to support future studies in terms of variable selection, questionnaire development, and observational studies. The patterns may also be useful in creating 2-and 3-dimensional taxonomies to support planning and resource allocations in construction safety projects for subcontractors. In terms of injury types, two important clusters were related to lack of hazard control methods associated with working in the nearenvironment, problems with machine operation, and worker distraction. These types of injuries relate to the need to use administrative controls such as training and work policies. However, the use of training and establishing formal work policies are not common practices among small, informal companies due to time and human resource constraints. In a sample of 818 firms, Kotey&Folker [29] found significant main effects of company size on the use of informal training vs. formal training. Not surprisingly, smaller companies were less likely to use formal training methods. Informal training may be just as effective; however more scientific studies have focused on effectiveness of certain formal training methods. Unfortunately small business owners do not tend to participate in train-the-trainer opportunities unless there is a direct positive benefit [10] .
The patterns of antecedents overlapped due to similarities between clusters. For example, many of the clusters were associated with safety climate such as working under conditions of clutter, extreme weather, and low visibility. These antecedents can be prevented by safety climate enhancements such as contingency planning to address poor working conditions and safety meetings to communicate the need for caution due to work conditions. In addition, limited resources in terms of equipment as well as time and human resources seemed to indicate the presence of stress as an antecedent to critical incidents.
A brief safety climate measure using job satisfaction, perceived vulnerability (likelihood of injury), and number of accidents experienced in the past year showed no significant associations with the exception of perceived vulnerability and accidents. Workers who had more accidents were more likely to rate their perceptions of likelihood of having an accident in the future higher as well. This finding has implications for future studies. Although no cause and effect can be concluded, the results may indicate that workers with more accidents could begin to believe accidents are more likely to occur in the future. Whether this leads to more careful behavior or more stress (and thus accidents), studies on attitude changes after accidents are important to pursue in future studies.
The cluster analysis results for the task or work patterns were not as clearly defined. In spite of the five-cluster solution, the predominant tasks performed when CIs occurred could be summarized into three patterns; roofing tasks, material handling, and machine operation and maintenance. These results may be helpful to prioritize training programs, and may alert foremen and supervisors to provide more oversight during performance of these tasks. Foreknowledge of the most hazardous tasks can support efficient functioning during a building project even when challenged by limited time and resources.
Although a useful number of CIs were acquired (102) from 14 workers, this amount is likely an underestimation of the actual number occurring during the observation period. Yet, the sample was large enough to document some of the problems that occur in small construction contexts. The goal of qualitative research methods is to achieve transferability [30] , which is determined by the usefulness of the results as determined by other researchers examining the same construction situation or context. Some of the limitations of the study were related to the use of critical incident logging, which was somewhat onerous to participants and thus had the potential to impact the reliability and validity of the information. While workers accepted the method and found it to be efficient, some reported experiencing problems recalling incidents if several occurred in the same day. The critical incident technique embedded within this context showed several of the same advantages and disadvantages found in Flanagan's method. Reporting of critical incidents soon after they occurred resulted in data that is less confounded by memory compared to the use of retrospective interview or questionnaire methods. In addition, critical incident reporting provides a descriptive log that is directly reported by the worker within their natural environment, which reduces the likelihood of diminished validity due to the use of artificial measurement instruments. We modified the technique by eliminating the direct observation component and relying only on workers' self-reported observations. This lower intrusiveness by the researcher minimizes demand effects. Direct observation is time-consuming and expensive, so tradeoffs were made based on the limited resources available to both the researchers and the participants. Use of the logging approach also provides the same advantage as that found in the narrative inquiry approach, such as allowing workers to report information in their own words using an anecdotal or storytelling voice rather than a formalized report that may interfere with how workers organize their memories around specific events or occurrences [31] . However, disadvantages or limitations are still a challenge to the collection of data for critical incidents. For example, workers need to be reminded to record incidents over the entire logging interval. This can be challenging to workers who have demanding workloads and are
